Nick translation--a new assay for monitoring DNA damage and repair in cultured human fibroblasts.
An in vitro assay has been developed to detect DNA damage and repair following chemical treatment of human diploid fibroblasts. DNA damage is measured by following the Escherichia coli DNA polymerase I-catalyzed incorporation of radiolabeled deoxycytidine triphosphate (dCTP) into the DNA of lysolecithin-permeabilized cells. DNA strand breaks with free 3' OH termini serve as template sites for incorporation, and decrease of this incorporation with time, following removal of the test chemical, indicates loss (repair) of initial damage. Inhibition of the DNA excision repair process by the addition of the repair inhibitors arabinofuranosyl cytosine (ara-C) and hydroxyurea (HU) during the incubation period gives rise to an increased number of template sites, manifesting itself in increased incorporation and indicating the induction of long-patch excision repair. This nick translation assay, originally proposed by Nose and Okamoto [1983], is very sensitive, allows detection and quantitation of both DNA damage and repair, distinguishes between various types of induced damage, does not require radioactive prelabeling of cells, and circumvents some of the problems inherent in unscheduled DNA synthesis (UDS) assays. The assay is also useful in detecting those agents that inhibit replicative DNA synthesis and/or the excision repair process. Results presented demonstrate that all 14 direct-acting carcinogens tested and 8 of 14 carcinogens requiring metabolic activation give positive indication of DNA damage, repair, or both. Eleven of 14 noncarcinogens tested were scored as negative, the other 3 having previously been shown to interact with cellular DNA. This assay is shown to have predictive capability at least equal to that of UDS assays but to allow a broader spectrum of genotoxic effects to be analyzed.